Relative to MR studies with minimal or mild BPE, those with moderate or marked BPE were associated with higher abnormal interpretation and biopsy rates and lower specificity, with no difference in cancer detection rate.
Supported by the National Cancer Institute (P01 CA154292, U01 CA63740) and the Breast Cancer Surveillance Consortium (HHSN261201100031C). q RSNA, 2017 Purpose:
To evaluate the effect of background parenchymal enhancement (BPE) on breast magnetic resonance (MR) imaging interpretive performance in a large multi-institutional cohort with independent analysis of screening and diagnostic MR studies.
Materials and Methods:
Analysis of 3770 breast MR studies was conducted. Examinations were performed in 2958 women at six participating facilities in the San Francisco Bay Area from January 2010 to October 2012. Findings were recorded prospectively in the San Francisco Mammography Registry. Performance measures were compared between studies with low BPE (mild or minimal) and those with high BPE (moderate or marked) by using binomial tests of proportions.
Results:
Of 1726 MR imaging studies in the screening group, 1301 were classified as having low BPE and 425 were classified as having high BPE (75% vs 25%, respectively; P , .001).
Of 2044 MR imaging studies in the diagnostic group, 1443 were classified as having low BPE and 601 were classified as having high BPE (71% vs 29%, respectively; P , .001). For low versus high BPE groups at screening, abnormal interpretation rate was 157 of 1301 versus 111 of 424 (12% vs 26%, P , .001); biopsy recommendation rate was 85 of 1301 versus 54 of 424 (7% vs 13%, P , .001); and specificity was 89% (95% confidence interval [CI]: 87, 91) versus 75% (95% CI: 71, 80) (P = .01). For the low versus high BPE groups at diagnostic MR imaging, biopsy recommendation rate was 325 of 1443 versus 195 of 601 (23% vs 32%, P , .001); and specificity was 86% (95% CI: 84, 88) versus 75% (95% CI: 74, 82) (P , .001). There were no significant differences between studies with low versus high BPE in sensitivity for screening ( org), which standardizes and pools data across breast imaging facilities nationwide for analysis. At participating facilities, all women undergoing breast imaging are asked to complete a one-page breast health history questionnaire at the time of breast imaging. Information regarding breast imaging studies is provided by each facility. All registry and consortium data are kept confidential and are protected by a National Institutes of Health Federal Certificate of Confidentiality and Memorandum of Understanding filed with the Agency for Healthcare Research and Quality. A waiver for signed consent was obtained from the institutional review board for this research project. The registry database was queried to identify all contrast materialenhanced breast MR imaging examinations performed at six facilities in the San Francisco Bay Area between lactation, antiestrogen therapies, and treatments for breast cancer, including chemotherapy and radiation therapy (2) (3) (4) (5) (6) (7) (8) . Just as breast density reduces the sensitivity of mammography (9) , it has been suggested that BPE may affect breast MR imaging interpretive performance (10) (11) (12) (13) .
Previous studies evaluated the effect of BPE on interpretive performance of breast MR imaging (11, (14) (15) (16) . However, these were single-institution studies with relatively small sample sizes, which limited the generalizability of results. In addition, these studies may have lacked the statistical power to detect differences in some performance metrics. Finally, in the largest prior study, combined analysis of screening and diagnostic MR imaging was performed, which may have obscured differences in outcomes across BPE categories (16) . The purpose of our study was to evaluate the effect of BPE on breast MR imaging interpretive performance in a large multi-institutional cohort with independent analysis of screening and diagnostic MR imaging examinations.
Materials and Methods

Study Population
In accordance with an institutional review board-approved, Health Insurance Portability and Accountability Act-compliant protocol, we used data from the San Francisco Mammography Registry for this study. Although final BI-RADS assessment categories were issued for each breast in the database, performance measures were calculated at the examination level. The following hierarchy was used to determine the overall BI-RADS category for each examination: BI-RADS 5
MR imaging examinations with true-positive findings were assessed as abnormal with subsequent diagnosis of malignancy within the 12-month follow-up period. Examinations with false-positive findings were assessed as abnormal with no subsequent diagnosis of malignancy within the 12-month follow-up period. MR imaging examinations with true-negative findings were assessed as negative with no subsequent diagnosis of malignancy at 12-month follow-up. MR imaging examinations with false-negative findings were assessed as negative with subsequent malignant diagnosis at 12-month follow-up. PPV 1 was defined as the number of true-positive screening results divided by the total number of positive examinations. PPV 2 was defined as the number of true-positive examinations divided by the total number of examinations with BI-RADS category 4 or 5 findings (biopsy recommended) at either screening or diagnostic MR imaging. PPV 3 was defined as the number of true-positive examinations divided by the total number of biopsies performed among examinations with a BI-RADS category 4 or 5 assessment.
Estimates of performance measures and their 95% confidence intervals (CIs) based on binomial distribution are reported. The measures were compared between BPE groups by using Fisher exact or x 2 tests for comparison of proportions. Statistical comparisons for a subset of the performance measures were repeated after stratification by menopausal status, a potential confounding variable that is correlated with BPE. Comparisons were also repeated after stratification for the presence or absence of a personal history In the ACR BI-RADS MR imaging lexicon (1), BPE refers to the physiologic enhancement of normal fibroglandular breast tissue as assessed on the initial contrast material-enhanced image of a dynamic contrast-enhanced MR study, which is the optimal phase for cancer detection. BPE may be described as minimal, mild, moderate, or marked. Because our study period preceded publication of the 2013 BI-RADS Atlas, there may have been variability in BPE assessment. Thus, we combined minimal and mild BPE into one low BPE category and moderate and marked BPE into one high BPE category to minimize the effect of interreader variability. Performance measures were compared for these two groups.
Performance measures were calculated according to the ACR BI-RADS Atlas Follow-up and Outcome Monitoring section (17) . Abnormal interpretation rate was defined as the percentage of screening examinations with BI-RADS category 0, 3, 4, or 5 lesions. BI-RADS category 0 and 3 lesions were considered abnormal at screening because additional imaging evaluation was recommended. For diagnostic examinations, the abnormal interpretation rate was defined as the percentage of examinations with BI-RADS category 4 or 5 lesions and was therefore equivalent to the biopsy recommendation rate. For screening examinations, a negative examination was defined as one showing BI-RADS category 1 or 2 lesions; for diagnostic examinations, this was defined as one showing BI-RADS category 0, 1, 2, 3, or 6 lesions. The BI-RADS Atlas states only a small minority of diagnostic MR imaging examinations will warrant a final assessment of BI-RADS category 0; furthermore, the category 0 assessment should be replaced by a category 1 to category 5 assessment after additional imaging evaluation has been performed (17) . In our study, only 62 of 2045 (3%) diagnostic MR imaging studies were issued a BI-RADS category 0 final overall assessment. In keeping with expert guidance from the BI-RADS committee, these were classified as negative examinations because January 2010 and December 2012. Facilities included one academic and five community practices; 4120 breast MR imaging studies were identified. We excluded 314 examinations in which BPE was not reported. An additional 36 examinations were excluded because the BI-RADS final assessment was not recorded, yielding our final study data set of 3770 examinations in 2958 women; 638 women had undergone two MR imaging examinations, 35 women had undergone three examinations, and 39 women had undergone more than three examinations. Because BPE may fluctuate across multiple examinations in the same woman owing to a variety of factors, such as timing of the examination relative to the menstrual cycle, menopausal status, and hormonal therapies, each examination was analyzed independently.
Indication for examination was determined by the interpreting radiologists. Examinations performed for all indications besides screening were considered diagnostic (Table E1 [online]).
Data on patient demographics, menopausal status, current use of postmenopausal hormone therapy or antiestrogen therapies, personal history of breast cancer, and first-degree family history of breast cancer were collected. Pathology results for percutaneous biopsies and surgical excisions performed within 180 days after MR imaging were obtained from radiology systems at participating facilities. In addition, the breast imaging registry links to the statewide California Cancer Registry, and studies included in this study had a minimum follow-up period of 12 months for cancer ascertainment. Cancer was defined as invasive cancer or ductal carcinoma in situ.
Statistical Analysis of Interpretive Performance
In general, imaging protocols for screening and diagnostic breast MR imaging are the same. However, screening and diagnostic MR imaging studies were analyzed separately because the probability of disease is higher among women who undergo diagnostic MR imaging. and BPE, examinations were stratified by menopausal status. Within the groups stratified by menopausal status, the rate of abnormal interpretation and biopsy recommendation remained elevated for examinations with high relative BPE to low BPE ( Table 3) , indicating that the effects of BPE on screening performance are independent of menopausal status. Similarly, when women were stratified by personal and family history of breast cancer-variables that were associated with low BPE and high BPE, respectively-the rate of abnormal interpretation and biopsy recommendation times higher in the high BPE group ( Because there was a significant association between menopausal status of breast cancer and a family history of breast cancer to examine the effect of these potential confounding variables.
Post hoc analyses of sample size were conducted to examine minimum detectable differences in sensitivity, positive predictive value (PPV), and cancer detection rate (CDR) in the sample analyzed in this study. Analyses were based on binomial enumeration, 80% power, and two-sided 0.05 significance level.
All statistical analyses were performed with statistical software (R, version 3.2; R Foundation for Statistical Computing, Vienna, Austria). P , .05 was considered indicative of a significant difference.
Results
Characteristics of Patients
We included a total of 1726 screening breast MR imaging studies and 2044 diagnostic MR imaging studies. A total of 192 cancers were detected on the basis of these studies, excluding the index malignancies in women in the diagnostic group who had known breast cancer. Among both screening and diagnostic studies, higher BPE was associated with younger age and postmenopausal hormone therapy, whereas lower BPE was associated with postmenopausal status and antiestrogen therapy (tamoxifen or raloxifene) (Tables 1, 2 ). There was a greater proportion of women with a personal history of breast cancer in the high BPE group among both screening and diagnostic studies. Among the screening studies, there was a greater proportion of women with a strong family history of breast cancer in the high BPE group than in the low BPE group (Table 1) . * Data in parentheses are the range. † Postmenopausal women were defined according to BCSC criteria as those whose periods had stopped naturally, those who had both ovaries removed, those who were on current hormone replacement therapy, or those aged at least 55 years. ‡ 535/1726 (31%) unknown. § 569/1726 (33%) unknown. * Data in parentheses are the range. † Postmenopausal women were defined according to BCSC criteria as those whose periods had stopped naturally, those who had both ovaries removed, those who were on current hormone replacement therapy, or those who were age 55 or older. ‡ 736/2044 (36%) unknown. § 798/2044 (39%) unknown. Post hoc power analyses revealed the following: In the screening groups, our study had sufficient (80%) power to detect absolute differences in PPV 1 , PPV 2 , and PPV 3 of at least 10%, 15%, and 17%, respectively. In the diagnostic groups, the observed data provided sufficient power to detect an absolute difference in PPV 2 and PPV 3 between the BPE groups of at least 12% and 13%, respectively. Our data provided sufficient (80%) power to detect a difference in CDR of 27 per 1000 in the screening group and 41 per 1000 in the diagnostic group. These minimum detectable differences in PPV and CDR are larger than those observed in this study. Hence, for both PPV and CDR, larger samples are needed to provide sufficient power to test whether the remained elevated for examinations with high relative to low BPE ( Table 3) , indicating that the effects of BPE on screening performance are independent of personal and family history of breast cancer. screening and diagnostic examinations separately because the prior probability of disease is different between these cohorts. This likely improved our ability to detect differences in performance between BPE groups. Nevertheless, the relatively small number of cancers detected in our study limited our ability to demonstrate a significant difference in PPV.
Screening Performance
Diagnostic Performance
As documented in previous studies (8) , we observed that younger age and premenopausal status were associated with higher BPE. To account for these variables, we stratified women by menopausal status. We found that the abnormal interpretation rate in the screening cohort and biopsy recommendation rates in both the screening cohort and the diagnostic cohort remained elevated in premenopausal women who had higher levels of BPE, indicating that BPE has an effect on interpretive performance that is independent of menopausal status.
Information regarding whether women were carriers of a breast cancer gene mutation was not available. Thus, we analyzed the available data regarding first-degree family history of breast cancer. Even in women with a firstdegree family history of breast cancer, the abnormal interpretation and biopsy rates were significantly elevated in women with higher levels of BPE, indicating that BPE had an effect on screening performance that was independent of family history. Similarly, women with a personal history of breast cancer have an elevated cancer risk. However, in both the screening cohort and the diagnostic cohort, we found a higher rate of abnormal interpretation and biopsy in women with higher levels of BPE among women with a personal history of breast cancer, indicating that BPE had an effect on performance that was independent of personal breast cancer history.
In contrast to previous single-institution studies, our study used prospective data collected from a regional breast imaging registry, which represented a variety of practice settings. Consequently, our results may be more generalizable to most practices. A limitation BPE compared with those with minimal BPE but no significant difference in CDR. Similarly, DeMartini et al (16) evaluated 736 women who underwent screening or diagnostic MR imaging and found a higher abnormal interpretation rate among women with moderate or marked BPE compared with those with minimal BPE but no significant difference in CDR. Our results are consistent with the findings of these studies.
However, our findings of decreased specificity and a trend toward lower PPV of biopsy among screening and diagnostic MR imaging examinations with higher BPE differ from the findings of previous studies. Hambly et al (15) did not find a significant difference in the PPV of biopsy between BPE groups. DeMartini et al (16) found no significant difference in PPV or specificity between women with moderate or marked BPE and women with minimal or mild BPE. When compared with those two prior studies, our larger sample size likely increased our power to detect differences in specificity between BPE groups. Furthermore, in contrast to DeMartini et al, we audited stratified by whether or not they had a personal history of breast cancer, the biopsy recommendation rate remained elevated in the women with diagnostic studies who had prior breast cancer (Table 4 ).
Discussion
In this study, we found that higher levels of BPE were associated with higher abnormal interpretation rates for screening breast MR imaging and higher rates of biopsy recommendation in both the screening and diagnostic settings. Specificity was also significantly lower among screening and diagnostic studies with higher BPE. There was a trend toward lower PPV of biopsy in screening and diagnostic studies with higher BPE, although this did not reach statistical significance.
Our results are largely consistent with those of prior studies. In a study of 250 baseline women at high risk who underwent screening MR imaging, Hambly et al (15) observed a higher abnormal interpretation rate in studies with greater than minimal is diagnosed during the follow-up period, MR imaging examinations are deemed false negative. In this manner, alternating mammography with MR imaging every 6 months would be expected to lower the calculated sensitivity for either modality when the follow-up interval for the outcomes audit is 1 year. Lastly, additional limitations of our study relate to the years of data collection and variability in MR imaging technique over time and across facilities. The MR imaging examinations were performed between 2010 and 2012, and we did not include more recent studies because 2 years are required for the state tumor registry to have complete cancer ascertainment. However, we are unaware of any substantial technical advances in clinical breast MR imaging that occurred after the study period that would render our findings less valid. Because we used registry data, we did not have access to information regarding MR imaging technique, including magnet field strength, breast coil specifications, contrast agents and injection rates, or scanning protocols. Variability in any of these factors could have affected our data.
In conclusion, moderate to marked BPE at breast MR imaging is associated with higher abnormal interpretation and biopsy rates, with no difference in cancer detection rate.
consisted of a combination of baseline and subsequent MR imaging examinations, in accordance with ACR BI-RADS auditing guidelines (17) . The performance measures we report are therefore more likely to reflect actual clinical performance. The abnormal interpretation rates reported in our study are either lower than or within the range of values reported previously (15, 16) , suggesting that the absence of prior comparisons did not significantly inflate this performance measure for either study group. Nevertheless, we cannot exclude the possibility that certain patient characteristics might be have been amplified by the inclusion of multiple examinations in a subset of the patients.
Our overall CDR of 17 per 1000 screening examinations is lower than the BI-RADS benchmark of 20-30 per 1000 screening examinations. Similarly, our overall screening sensitivity of 78% did not meet the BI-RADS benchmark threshold of greater than 80%. However, BI-RADS benchmarks are derived from expert practices involved in performance of screening MR imaging trials in women with a hereditary predisposition for breast cancer; in contrast, our data are derived from community practices with a more heterogeneous patient population. Recently, screening breast MR imaging outcome data were published by the BCSC (20) , in which the San Francisco Mammography Registry is a participant. The BCSC includes practices that are geographically and ethnically representative of the U.S. population. Our CDR was identical to the BCSC-reported CDR of 17 per 1000 screening examinations, and our sensitivity was slightly lower than the BCSC-reported sensitivity of 81%. The relatively low sensitivities reported in this study and in the BCSC study also reflect the fact that a substantial number of women undergoing high-risk screening alternate mammography and MR imaging at 6-month intervals. Thus, a proportion of women who were initially screened with MR imaging also underwent a second round of screening with mammography during the 1-year follow-up interval. In accordance with BI-RADS auditing guidelines, if cancer of this study and previous studies is the fact that clinical assessment of BPE is qualitative rather than quantitative and therefore inherently subjective. Definitions of BPE categories were added to the 2013 BI-RADS MR imaging lexicon (1) , which serves as a reference standard. The literature shows that radiologist training in which standardized criteria are used improves interreader agreement in BPE assessment (18) . Because our study period preceded the addition of BPE to the 2013 BI-RADS MR imaging lexicon (1), there may have been variation in BPE assessment due to lack of a published reference standard. The BPE classification criteria used by the radiologists in our study cannot ultimately be verified because this information was not recorded in the registry. There was likely greater interreader variability in BPE assessment in our study than in previous studies (15, 16) because we had more radiologists at multiple facilities providing BPE assessments. To minimize the effect of interreader variability, we collapsed minimal and mild BPE into a single low BPE category and moderate and marked BPE into a single high BPE category. Despite the possibility of interreader variability, we were able to find a significant difference in specificity and biopsy rates between BPE groups.
Another limitation of the registry data is that information regarding whether prior MR imaging studies were available for comparison was missing for more than 95% of cases in our data set. Comparison with prior findings could potentially reduce the false-positive interpretation and biopsy rate for both screening and diagnostic MR imaging (19) . Hambly et al (15) eliminated this confounding factor by limiting their analysis to baseline screening MR imaging examinations. To avoid including multiple examinations for the same woman, DeMartini et al (16) limited their data set to the most recent MR imaging examinations for women who had undergone multiple examination. In doing so, they excluded a subset of baseline MR imaging examinations and may have consequently overestimated MR imaging performance. Our study
